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Abstract: Reinforced Concrete (RC) building frames are most common types of constructions in urban 
India. These are subjected to several types of forces during their lifetime, such as static forces due to dead 
and live loads and dynamic forces due to earthquake. This paper presents comparative study of static and 
dynamic analysis of reinforced concrete building due to earthquake. In present study, computer aided 
analysis of G+4-storied reinforced concrete building is carried out for static and dynamic analysis by 
using ETABS (Extended Three dimensional Analysis of Building System) software. Load consideration is 
based on indian Building Code (is875 part-1,2,3,5). Firstly, the proposed building is analyzed with linear 
static analysis(Equivalent Static method). Secondly, linear dynamic analysis (response spectrum method 
is used. In this paper, the results of static and dynamic (response spectrum) analysis such as lateral story 
loads, displacement, storey shear, storey stiffness, storey moment and storey drift are obtained. 
I. INTRODUCTION 
A disruptive disturbance, that causes shaking of the 
surface of the earth due to underground movement 
along a fault plane or from volcanic activity is 
called earthquake. Earthquake, a natural calamity 
has taken toll of millions of lives through the ages. 
The earthquake ranks as one of the most 
destructive events recorded so far in India in terms 
of death toll & damage to infrastructure. The major 
cities affected by the earthquake are Bhuj, 
Gandhidham, and Rajkot etc. Every earthquake 
leaves a trail of misery because of the loss of life 
and destruction. Reinforced concrete multi-storied 
buildings in India were for the first time subjected 
to a strong ground motion shaking in Bhuj 
earthquake. It has been concluded that the principal 
reasons of failure may be attributed to soft stories, 
floating columns, mass irregularities, poor quality 
of construction materials and faulty construction 
practices, inconsistent earthquake response, soil 
and foundation, effect of pounding of adjacent 
structures. All over world, there is high demand for 
construction of tall buildings due to increasing 
urbanization and spiraling population, and 
earthquakes have the potential for causing the 
greatest damages to tall structures. Since 
earthquake forces are random in nature and 
unpredictable, the engineering tools need to be 
sharpened for analyzing structures under the action 
of these forces. Structural analysis is mainly 
concerned with finding out the behavior of a 
structure when subjected to some action. This 
action can be in the form of load due to weight of 
things such as people, furniture, snow etc. or some 
other kind of excitation such as earthquake , 
shaking of the ground due to a blast nearby etc. In 
essence all these loads are dynamic including the 
self-weight of the structure because at some point 
in time these loads were not there. The distinction 
is made between the dynamic and static analysis on 
the basis of whether the applied action has enough 
acceleration in comparison to the structure's natural 
frequency. If a load is applied sufficiently slowly, 
the inertia forces (Newton’s second law of motion) 
can be ignored and the analysis can be simplified as 
static analysis. Structural dynamics, therefore, is a 
type of structural analysis which covers the 
behavior of structures subjected to dynamic 
(actions having high acceleration) loading. 
Dynamic loads include people, wind, waves, 
traffic, earthquake and blasts. Any structure can be 
subjected to dynamic loading. Dynamic analysis 
can be used to find dynamic displacements, time 
history, and modal analysis. 
ETABS 
ETABS is the present day leading design software 
in the market. Many design company’s use this 
software for their project design purpose. The 
innovative and revolutionary new ETABS is the 
ultimate integrated software package for the 
structural analysis and design of buildings. 
Incorporating 40 years of continuous research and 
development, this latest ETABS offers unmatched 
3D object based modeling and visualization tools, 
blazingly fast linear and nonlinear analytical 
power, sophisticated and comprehensive design 
capabilities for a wide-range of materials, and 
insightful graphic displays, reports, and schematic 
drawings that allow users to quickly and easily 
decipher and understand analysis and design 
results. 
From the start of design conception through the 
production of schematic drawings, ETABS 
integrates every aspect of the engineering design 
process. Creation of models has never been easier - 
intuitive drawing commands allow for the rapid 
generation of floor and elevation framing. CAD 
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drawings can be converted directly into ETABS 
models or used as templates onto which ETABS 
objects may be overlaid. The state-of-the-art SAP 
Fire 64-bit solver allows extremely large and 
complex models to be rapidly analyzed, and 
supports nonlinear modelling techniques such as 
construction sequencing and time effects (e.g., 
creep and shrinkage). Design of steel and concrete 
frames (with automated optimization), composite 
beams, composite columns, steel joists, and 
concrete and masonry shear walls is included, as is 
the capacity check for steel connections and base 
plates. Models may be realistically rendered, and 
all results can be shown directly on the structure. 
Comprehensive and customizable reports are 
available for all analysis and design output, and 
schematic construction drawings of framing plans, 
schedules, details, and cross-sections may be 
generated for concrete and steel structures. 
ANALYSIS METHODS: 
SEISMIC-ANALYSIS:                                                     
Seismic analysis is a major tool in earthquake 
engineering which is used to understand the 
response of buildings due to seismic excitations in 
a simpler manner. In the past the buildings were 
designed just for gravity loads and seismic analysis 
is a recent development. It is a part of structural 
analysis and a part of structural design where 
earthquake is prevalent. 
There are different types of earthquake analysis 
methods. Some of them used in the project are-
Equivalent Static Analysis 
Push over analysis                                                        
Response Spectrum Analysis                                                                                                
Time History Analysis 
II. EQUIVALENT STATIC ANALYSIS 
The equivalent static analysis procedure is 
essentially an elastic design technique. It is, 
however, simple to apply than the multi-model 
response method, with the absolute simplifying 
assumptions being arguably more consistent with 
other assumptions absolute elsewhere in the design 
procedure. 
The equivalent static analysis procedure consists of 
the following steps: 
Estimate the first mode response period of the 
building from the design response spectra. 
Use the specific design response spectra to 
determine that the lateral base shear of the 
complete building is consistent with the level of 
post-elastic (ductility) response assumed. 
1. Distribute the base shear between the various 
lumped mass levels usually based on an inverted 
triangular shear distribution of 90% of the base 
shear commonly, with 10% of the base shear being 
imposed at the top level to allow for higher mode 
effects. 
III. PUSHOVER ANALYSIS 
This is a performance based analysis and has aim in 
controlling the structural damage. In this analysis 
several built in hinge properties are included from 
FEMA 356 for concrete members. This analysis 
will be carried out by using nonlinear software 
ETABS 2013. This software is able to predict the 
displacement level and corresponding base shear 
where first yield of structure occurs. The main 
objective to perform this analysis is to find 
displacement vs. base shear graph. 
IV. RESPONSE SPECTRUM ANALYSIS 
This approach permits the multiple modes of 
response of a building to be taken into account. 
This is required in many building codes for all 
except for very simple or very complex structures. 
The structural response can be defined as a 
combination of many modes. Computer analysis 
can be used to determine these modes for a 
structure. For each mode, a response is obtained 
from the design spectrum, corresponding to the 
modal frequency and the modal mass, and then 
they are combined to estimate the total response of 
the structure. In this the magnitude of forces in all 
directions is calculated and then effects on the 
building is observed. Following are the types of 
combination methods: 
 absolute - peak values are added together 
 square root of the sum of the squares (SRSS) 
 complete quadratic combination (CQC) - a 
method that is an improvement on SRSS for 
closely spaced modes 
The result of a RSM analysis from the response 
spectrum of a ground motion is typically different 
from that which would be calculated directly from 
a linear dynamic analysis using that ground motion 
directly, because information of the phase is lost in 
the process of generating the response spectrum. 
In cases of structures with large irregularity, too tall 
or of significance to a community in disaster 
response, the response spectrum approach is no 
longer appropriate, and more complex analysis is 
often required, such as non-linear static or dynamic 
analysis. 
V. TIME HISTORY ANALYSIS: 
Time history analysis techniques involve the 
stepwise solution in the time domain of the multi 
degree-of-freedom equations of motion which 
represent the actual response of a building. It is the 
most sophisticated analysis method available to a 
structural engineer. Its solution is a direct function 
of the earthquake ground motion selected as an 
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input parameter for a specific building. This 
analysis technique is usually limited to checking 
the suitability of assumptions made during the 
design of important structures rather than a method 
of assigning lateral forces themselves. The steps 
involved in time history analysis are as follows: 
1. Calculation of Modal matrix 
2. Calculation of effective force vector 
3. Obtaining of Displacement response in 
normal coordinate 
4. Obtaining of Displacement response in 
physical coordinate 
5. Calculation of effective earthquake 
response forces at each storey. 
6. Calculation of maximum response 
DESIGN METHOD 
DUCTILITY BASED DESIGN: 
Ductility in the structures results from inelastic 
material behavior and reinforcement detailing such 
that brittle fracture is prevented and ductility is 
introduced by allowing steel to yield in a controlled 
manner. Thus the chief task is to ensure that 
building has adequate ductility to withstand the 
effects of earth quakes, which is likely to be 
experienced by the structure during its lifetime. 
Ductility of the structure acts as a shock absorber 
and reduces the transmitted forces to the structure. 
the ductility of a structure can assessed by- 
 Displacement ductility 
 Rotational and Curvature ductility 
 Structural ductility 
Ductility is the capability of a material to undergo 
deformation after its initial yield without any 
significant reduction in yield strength. 
The factors which affect the ductility of a structure 
are as follows- 
 Ductility increases with increase in shear 
strength of concrete for small axial 
compressive stress between 0-1MPa.The 
variation is linear in nature. 
 Ductility varies linearly up to the point 
when axial compressive stress becomes 
equal to the compressive stress at balanced 
failure. 
 The ductility factor increases with 
increase in ultimate strain of concrete. 
Thus confinement of concrete increases 
ductility. 
 The ductility increases with increase in 
concrete strength and decreases with the 
increase in yield strength of steel. 
 The effect of lateral reinforcement is to 
enhance the ductility by preventing the 
shear failure .It also restrains the 
compression reinforcement from 
buckling. 
Requirements of ductility: 
 It allows the structure to develop its 
maximum potential strength through 
distribution of internal forces. 
 Structural ductility allows the structure as a 
mechanism under its maximum potential 
strength resulting in the dissipation of large 
amount of energy. 
IS 13920 was followed for ductility based design. 
ORGANISATION OF THESIS: 
The first chapter of thesis covers the introduction, 
objectives of the project, scope of study, 
methodology, analysis methods employed and 
finally design technique involved. The first chapter 
shows the importance of seismic analysis of 
structures and the requirement of an efficient 
design technique. It provides an overview of the 
analysis methods followed along with the 
importance of ductility based design. 
The second chapter encompasses the literature 
survey carried to gain an idea about research work 
done by various researchers and scientists on topics 
related to the project. This included works by 
various researchers from 1997 to 2012. 
The third chapter involves the results and 
discussions of analysis methods and design method 
followed. Firstly, response spectrum analysis was 
carried for three types of irregular structures 
namely mass irregular, stiffness regular and 
vertically geometry irregular and the storey shear 
forces were compared to that of a regular structure. 
Secondly, time history analysis was carried out for 
irregular structures considering three different 
kinds of ground motion namely 
low(Imperial),intermediate(IS code) and high 
frequency(San Francisco) and the results were 
compared. Lastly, design of irregular structures as 
per IS 13920 corresponding to Equivalent static 
analysis and Time history analysis was performed 
and the design results were compared. 
The fourth and final chapter covers the 
conclusion and references of project. Under 
conclusion, the results have been presented in brief 
manner and references cover the papers, journals 
etc related to the project. 
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VI. STATEMENT OF THE PROBLEM 
Case 1: 
 Plan area =9(m)*9(m) 
  Beam size =300(mm)*400 (mm) 
 Column size =300(mm)*500 (mm)  
  Slab =125 mm 
  Beam length and column c/c spacing =3m 
 Typical storey height = 3m 
  Live load =5kN/m² 
 Wall load =23.39 kN/m in all beams 
  Beam clear cover =25 mm 
  Column clear cover =40 mm 
 M25, Fe550 ,Zone V , Soil Type (III) 
PLAN: 
 
3D PLAN: 
 
VII. LOADING 
The types of loads acting on structures for 
buildings and other structures can be broadly 
classified as vertical loads, horizontal loads and 
longitudinal loads. The vertical loads consist of 
dead load, live load and impact load. The 
horizontal loads comprises of wind load and 
earthquake load. The longitudinal loads i.e. tractive 
and braking forces are considered in special case of 
design of bridges, gantry girders etc.. 
 
Types of Loads on Structures: 
In a construction of building two major factors 
considered are safety and economy. If the loads are 
adjudged and taken higher then economy is 
affected. If economy is considered and loads are 
taken lesser then the safety is compromised.                                                                 
So the estimation of various loads acting is to 
calculated precisely. Indian standard 
code,IS:875–1987 and American Standard Code 
ASCE 7: Minimum Design Loads  
For Building sand Other structures  specifies 
various design loads for buildings and structures.                                                                                                                                
Types of loads acting on a structure are: 
1. Dead loads    
2. Imposed loads (or) live load   
3. Wind loads  
4.  Snow loads   
5. Earthquake loads (or) seismic loads 
6. Special loads                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
 
 
Dead Loads (DL): 
The first vertical load that is considered is dead 
load. Dead loads are permanent or stationary loads 
which are transferred to structure throughout the 
life span. 
Dead load is primarily due to self weight of 
structural members, permanent partition walls, 
fixed permanent equipments and weight of 
different materials. It majorly consists of the 
weight of roofs, beams, walls and column etc. 
which are otherwise the permanent parts of the 
building. 
The calculation of dead loads of each structure are 
calculated by the volume of each section and 
multiplied with the unit weight. Unit weights of 
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some of the common materials are presented in 
table below. 
 
Load caliculation: 
Dead load calculation 
Weight=Volume x Density 
Self weight floor 
finish=0.1270*25+1=4.175kn/m^2 
The above example shows a sample calculation of 
dead load. 
Dead load is calculated as per IS 875 part 1  
 
 
9”wall loading: 
Loading=0.228*3*23.39*= 
16 kn/m 
 
 
4.5”wall loading: 
Loading=0.115*3*23.39*= 9 kn/m 
 
 
parapet loading: 
Loading=0.115*1*23.39*= 3 kn/m 
R. Hymavathi* et al. 
(IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH 
 Volume No.5, Issue No.2, February – March 2017, 5653-5664. 
 
2320 –5547 @ 2013-2017 http://www.ijitr.com All rights Reserved.  Page | 5658 
 
 
 
Imposed Loads or Live Loads (IL or LL): 
The second vertical load that is considered in 
design of a structure is imposed loads or live loads. 
Live loads are either movable or moving loads with 
out any acceleration or impact. These loads are 
assumed to be produced by the intended use or 
occupancy of the building including weights of 
movable partitions or furniture etc..                                                
Live loads keeps on changing from time to time. 
These loads are to be suitably assumed by the 
designer. It is one of the major load in the design. 
The minimum values of live loads to be assumed 
are given in IS 875 (part 2)–1987. It depends upon 
the intended use of the building. 
The code gives the values of live loads for the 
following occupancy classification: 
 Residential buildings–dwelling houses, hotels, 
hostels, boiler rooms and plant rooms, garages 
 Educational buildings 
 Institutional buildings 
 Assembly buildings 
 Business and office buildings 
 Mercantile buildings 
 Industrial buildings, and 
 Storage rooms. 
The code gives uniformly distributed load as well 
as concentrated loads. The floor slabs have to be 
designed to carry either uniformly distributed loads 
or concentrated loads whichever produce greater 
stresses in the part under consideration. Since it is 
unlikely that any one particular time all floors will 
not be simultaneously carrying maximum loading, 
the code permits some reduction in imposed loads 
in designing columns, load bearing walls, piers 
supports and foundations.                                                                             
Some of the important values are presented in table 
below which are the minimum values and wherever 
necessary more than these values are to be 
assumed. 
 
However in a multistoried buildings chances of full 
imposed loads acting simultaneously on all floors is 
very rare. Hence the code makes provision for 
reduction of loads in designing columns, load 
bearing walls, their supports and foundations as 
shown in table below. 
 
Live load 
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Wind loads: 
Wind load is primarily horizontal load caused by 
the movement of air relative to earth. Wind load is 
required to be considered in structural design 
especially when the heath of the building exceeds 
two times the dimensions transverse to the exposed 
wind surface. 
For low rise building say up to four to five stories, 
the wind load is not critical because the moment of 
resistance provided by the continuity of floor 
system to column connection and walls provided 
between columns are sufficient to accommodate 
the effect of these forces.  Further in limit state 
method the factor for design load is reduced to 1.2 
(DL+LL+WL) when wind is considered as against 
the factor of 1.5(DL+LL) when wind is not 
considered.                                                                                                                                      
The horizontal forces exerted by the components of 
winds are to be kept in mind while designing is the 
building. The calculation of wind loads depends on 
the two factors, namely velocity of wind and size 
of the building. Complete details of calculating 
wind load on structures are given below (by the IS-
875 (Part 3) -1987).                                              
Using colour code, basic wind pressure ‘Vb’ is 
shown in a map of India. Designer can pick up the 
value of Vb depending upon the locality of the 
building. 
To get the design wind velocity Vz the following 
expression shall be used: 
Vz = k1.k2.k3.Vb 
Where k1 = Risk coefficient 
k2 = Coefficient based on terrain, height and 
structure size. 
k3 = Topography factor 
The design wind pressure is given by 
pz = 0.6 V
2
z 
where pz is in N/m
2
 at height Z and Vz is in m/sec. 
Up to a height of 30 m, the wind pressure is 
considered to act uniformly. Above 30 m height, 
the wind pressure increases. 
Snow Loads (SL): 
Snow loads constitute to the vertical loads in the 
building. But these types of loads are considered 
only in the snow fall places. The IS 875 (part 5) – 
1987 deals with snow loads on roofs of the 
building.  
The minimum snow load on a roof area or any 
other area above ground which is subjected to snow 
accumulation is obtained by the expression 
 
Where S = Design snow load on plan area of 
roof. 
= Shape coefficient, and 
S0 = Ground snow load. 
Earthquake Loads (LINEAR  STATIC ANALYSIS ): 
Earthquake forces constitute to both vertical and 
horizontal forces on the building. The total 
vibration caused by earthquake may be resolved 
into three mutually perpendicular directions, 
usually taken as vertical and two horizontal 
directions. 
The movement in vertical direction do not cause 
forces in superstructure to any significant extent. 
But the horizontal movement of the building at the 
time of earthquake is to be considered while 
designing. 
 
The response of the structure to the ground 
vibration is a function of the nature of foundation 
soil, size and mode of construction and the duration 
and intensity of ground motion. IS 1893– 2015 
gives the details of such calculations for structures 
standing on soils which will not considerably settle 
or slide appreciably due to earthquake. 
The seismic accelerations for the design may be 
arrived at from seismic coefficient, which is 
defined as the ratio of acceleration due to 
earthquake and acceleration due to gravity. For 
monolithic reinforced concrete structures located in 
the seismic zone 2, and 3 without more than 5 
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stories high and importance factor less than 1, the 
seismic forces are not critical. 
Sesmic load : 
 
 
 
 
 
 
 
 
Response spectrum method: 
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The concept of response spectrum has gained wide 
acceptance in structural dynamic practice in recent 
years. Stated briefly, the response spectrum is a 
plot of maximum response (max. Displacement, 
velocity, acceleration, or any other quantity of 
inertest) to a specified load function for all possible 
single degree of freedom systems .so response 
spectrum is the representation of the maximum 
response of idealized single degree freedom system 
having certain period and damping during the 
earthquake .the abscissa of the spectrum is natural 
frequency or period of the system and ordinate, the 
maximum response. 
Depending upon the type of response, three types 
of response spectra are identified namely 
acceleration, velocity and displacement. If the 
response of a single degree of freedom system to 
earthquake is studied in detail, the response of a 
system with multi degrees of freedom can found. 
Mass having a comparatively shorter natural period 
T vibrates rapidly, that of longer natural period T3    
vibrates slowly. 
In this method a set of design spectrum curves (the 
code terms them as average spectra and denotes as 
Sa/g) are provided which account for flexibility of 
the structure. the spectra are based on the average 
spectrum curves obtained by Houser using four 
earthquake time histories. 
In this method, natural frequency and mode shapes 
are to be obtained by a free vibration analysis. For 
each significant natural mode, the response 
acceleration coefficient is obtained from the graph 
given in IS: 1893-2002. 
 
 
 
 
 Other Loads  and Effects acting on Structures: 
As per the clause 19.6 of IS 556 – 2000, in addition 
to above load discussed, account shall be taken of 
the following forces and effects if they are liable to 
affect materially the safety and serviceability of the 
structure:                                                                                     
(a) Foundation movement (See IS 1905)                                                                                                                                   
(b) Elastic axial shortening                                                                                                                                                                 
(c) Soil and fluid pressure(See IS 875, Part5)                                                                                                                           
(d) Vibration                                                                                                                                                                                          
(e) Fatigue                                                                                                                                                                                     
(f) Impact (See IS 875, Part 5)                                                                                                                                                  
(g) Erection loads (See IS 875, Part 2) and                                                                                                                                       
(h) Stress concentration effect due to point load and 
the like. 
VIII. BENDING MOVEMENT DIAGRAM 
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SHEAR FORCE DIAGRAM: 
 
BENDING MOVEMENT  AND SHEAR FORCE 
DIAGRAM OF A BEAM: 
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IX. RESULTS 
LATERAL LOADS AT DIFFERENT STORIES 
LEVEL: 
 
MAXIMUM STORY DISPLACEMENT: 
 
MAXIMIM STORY DRIFTS 
 
STORY OVERTURNING MOVEMENT 
 
STORY SHEARS 
 
 
STORY STIFFNESS 
 
X. CONCLUSION 
This paper presents a review of static and dynamic 
analysis multistoried building. Design parameters 
such as Displacement, Bending moment, Base 
shear, Storey drift, Torsion, Axial Force were the 
focus of the study. It was found that,  
 The displacement values of static and 
dynamic analysisobtained.  
   Building with re-entrant corners experienced 
more lateral drift and reduction in shear 
capacity  
 Irregular shapes are severely affected during 
earthquakes especially in high seismic zones.  
 The dynamic RS analysis produces storey 
shear in both directions while the static 
analysis only produces storey shear in the 
direction of loading.  
 Static analysis is not sufficient for high rise 
buildings and it’s necessary to provide 
dynamic analysis   
 The results of dynamic analysis are 
approximately uneconomical because values 
of displacement are higher than equivalent 
static analysis. 
 Story drift is increased as height of building 
increased.  
 Irregular shapes are severely affected during 
earthquakes especially in high seismic zones.  
 The irregular shape building undergo more 
deformation and hence regular shape building 
must be preferred.  
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